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* ABSTRACT

Determination of the racking stegth of
wails, which Is a measure of a buildingsse awilky to resit wind loads, has

inwlily been limited to performance testing.
Although a standard test method exists,
deviations have often been made In speed oftetn and panel configuraton. The purpose
of this study was to determine the relative
effctof some of these deviatlons on test
results. In addition, the racking strength of
walls with let-In corner braeso, which forms the
basie for acceptance criteria, was evaluated.

Strength of walls with let-in corner
braces, but without horizontal board
sheathing, averaged mess than 2/3 of the 5,200
pound value specified by FHA. Walls sheathed
with fiberboard correlated well with theoreticl
strengths calculated using a recently
developed equation. A tenfold change In rate
of loading for smell scale racking and lateral
nail tests changed the strength 8 to O percent.
Similar results would be expected for full size
tests.

The standard and modified test
procedures used will be helpful In assessing
the present test procedure and the feasibility
of augmenting It with small-scale racking and
lateral nail resistance tests. The evWuations
",.nduted for this study are not to be Inter-
preted as qualification tests for any of the
materials Involved.
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RACKING STRENGTH OF WALLS:
LET-IN CORNER BRACING,
SHEET MATERIALS,
AND EFFECT OF LOADING RATE'
By
ROGER L. TUOMI, Enginer
and o .,gjdV
DAVID S. GROMALA, Enginw -
Forest Products Laboratory,1 Forest Service
U.S. Department of Agriculture

INTRODUCTION

walls with lst-in corner bracing were once differences In the results of racking tests con-
the standard of construction, and form the ducted at various laboratories.
basis of acceptance artera for all wals sub- In addressing these related problems, the
Ject to shear forces. Their use diminished with scope of this work encompasses what are as-
the advent of more labor-efficlent structural sonlally three Independent studies. First, an
sheathing material. However, let-in bracing Is analytic model Is proposed to augment perfor-
again becoming more common with the In- mance tests on various sheathing materials in
creasing use of nonstructural Insulation walls subject to shear forces. Second, the per-
sheathing In wall construction. formance of let-in corner braces constructed

Problems In the design of walls which resist In accordance with present standards is
shear forces fall Into three categories: (1) the evaluated. Finally, to resolve apparent Incon-
lack of an accepted engineering approach to slstencles In the Interpretation of the ASTM E
predict the shear or racking strength of walls; 72 standard, the effect on toot results of
(2) uncertainty as to the actual performance of deviations In testing rate Is evaluated and
let-in corner braces constructed In accor- variations In test procedures are discussed.
dance with present standards; and (3) p- Both standard and modified test
parent Incos-istencles In the Interpretation of procedures were used In this study and the
ASTM E 72 (10tst procedures which result In results are not Intended as qualification tests

for any of the materials Involved.

BACKGROUND

The racking strength of a wall system Is structures, the use of "static-equivalent"
defned In terms of Its abllty to resist horizon-
tl Inpkme shear forces The sher, or racking, 1/ h n in Coopeatn wih the Ameian

Board-Producta Asociaton (ASPA), formaly fte
force which act on waN systems arise primed- Acou"e and Board Produ Asolon.
ly from wind. Although wind Is fundamentally a 2/ Mintained a Madison Wis., In coopereon wh f

, dynamic phenomenon, recent studies (e.g., Unmrity of Wisconsin.
( )) have shown that, for many conventiona 3/Underlined numer In parentes reler to UWstrCitd at end of this repoM
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forces In an analysis Is reasonable. The conducted at verous lebortoriee. The
.jugneM qure for calculatilg wind reasons for these discrepancies re not
l ic'a nded by the American knom but they may result from dfferng nter-
NqWl0Sti Institute (ANSI) (1) utilizes prtione of the tet method.
this C~ 114 One point that Is critical to obtaining ac-

light-frame construction, curate racking IMt results Is to Insure that the
of racking strength of wall sheathing act Independently of the test frame.

S- atems aen ily been limited to perfor- When the sheathing contacts either the frame
. mance testilll Is technique has bean or the stop at the bas o the frame, racking

!V., _ there has not been an resistance Is augmented by the compression
O N I- Ing approach to evaluate or column effect between sheathing and

05to iid Ski ti ngth of waills, frame, thus producing higher ultimate loads.
- 'S rds Under such a condition, failure will usually oc-

cur In shearing of fasteners along the vertical
The base level f acceptance for racking joint on the center stud. This will generally be

t performance Is con ined In Federal Housing accompanied by buckling of the sheathing
Admlnistratipn FH) Technical Circular No, away from the studs. When the sheathing Is

eveloped In 1949. It was In- properly clear of the test frame, Initial failure
tended as an Interim standard until a new per. will usually occur at the fasteners located at
manent standard was Introduced. However, the tension corners of the sheet (fig. 1).
none has yet been developed. A standard
racking test procedure was developed by the
American Society for Testing and Materials,
ASTM E 72. This test s used In conjunction
with the minimum load requirements specified
by FHA to evaluate the racking performance of
virtually every structural sheathing material In
use today.

These performance requirements for
structural sheathing are based on the racking
strength of wood-frame walls with horizontal
board sheathing and a let-in corner brace.
This type of construction was common In the
past but for some years fell from popularity.
However, the use of let-in corner bracing Is
again becoming more widespread where non-
structural Insulation is being used for wall
sheathing. Some building cods currently
accept the let-in corner brace when nonstruc-
tural sheathing is used In construction. But
there have been few evaluations of waill panels
with let-in corner bracing since the 1940's
when the performance standard was
developed. There are no well-defined re-
quirements for lumber quality or
workmanship. Also, the effect of the current
nominal lumber sizes has not been In-
vestigated.

Dicrepancies In Testing:
Possible Caues Figure 1.-Faled panel showing relative

Recently, It has been noted (10) that there displacement and broken tension corners.

.e differences In the results of racking teft (M 1 0
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Sheathing which falls In this mode can been verie on racking specimens or on
generally b. expected to exhibit a lower ul- lateral nail tests.
timalte strength than sheathing which fails In a Strict Interpretation of thO method e-
buckling mode. tabished In ASTM E 72 for determining the

it was suspected that some variation of rate of loading on a tet panel would require
test results might also be due to the rate of two Independent test runs. The Initial run must
loading. Past tests were usually loaded with establish the displacement rate which will
hand-operated hydraulic pumps. As the panel result in a load rate of not more than S00
begins to yield, displacement Increases at an pounds in 2 minutes. Subsequent testing on a
accelerated rat. The operator must then In- given materiel Is to be performed using this
crease this displacement rate considerably to previously determined displacement rate.
attain higher load Increments. Past work has Because the relationship between load and
shown that faster loading rates result In higher deformation In racking tests Is nonlinear, both
strength levels for wood and wood-base load rate and displacement rate must be con-
materials (7), but this phenomenon had not tinuously monitored in the Initial run.

DEVELOPMENT OF THEORY

At present there Is no accepted engineer- where
Ing approach to evaluate the shear or racking R is racking strength of one shoot of material
strength of walls. An analytic, predictive model (pounds),
would be of use In the design of wall structures V Is lateral nail resistance at ultimate load
to augment performance tests on various (pounds) - I.e., a product of slip x resistance
types of sheathing materials. Recently the of a single fastener,
Forest Products Laboratory (FPL) developed a Is arctan (base of sheet dMded by it height),
an equation to predict the racking resistance n Is number of nail spaces on one horizontal
of sheathing material mechanically fastened to edge, and
a stud frame. m Is number of nail spaces on one vertical

,dga.
Equations for Sheathed Walls ed mre

The FPL equation Is derived from an However, this relationship Is complicated
energy formulation whereby the externally by the fact that most sheets also have Interior
applied load Is resisted by the Internal energy or field nails. These field nails, being closer to
afforded by the fasteners. The load applied to the centrold of the sheet, offer far loss
the corners of the frame causes the frame to resistance than the perImeter nails, but their
distort like a parallelogram while the sheathing contribution should nonetheless be con-
remains rectangular (fig. 2). The diagonals of sldered. It Is assumed that the field nails follow
the frame and sheathing are assumed to coin- the distortion pattern of the perimeter nails.
cide. The equation for the resistance afforded Including the contribution of the field nails
by the perimeter nails of a single shoot of Involves rather lengthy and cumbersome
sheathing is: manipulation of numbers. Fortunately, most

Sheet products are manufactured In standardsizes, usually 4 feet wide by 8 feet high.
COO2, The terms in equation (1) were rearrang-

r 3  ed and racking coefficients, K, calculated for
common shapes of sheathing (table 1A,
appendix). The K coefficients reflec the panel

+ m2 . 1 sin2l)] geometry and sum the displacement vectors of
m j all the nails for each panel configuration. The

coefficlents for the field nails must be mul-

3 6.
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FRAME Is racking strength of the fram

The subscript p represents the nail
space wound the perimeter and the subscript

f f Identifies the nail spaces on the Interior studs
(field nals). The value for resistance of the
frame he*been taken as 450pounds for anl
by 8-foot frame and 250 pounds for a 2- by 2-
foot frame based on regresslon analyses from

* . actual tests. The terms Inside the brackets
must be multiplied by the number of sheets on

* the frame, whereas the frame value is taken
• only once. (See sample racking problem In

ONOWL--;---' M appendix.)
ORIAL PAlEL OISTOWTIOI4 UN LOAD The stud frame alone will not develop 450

pounds' resistance. Under load, the studs
Figure 2.-Orginal panel shows parameters simply rotate at the end nail connections

necessary to calculate racking strength. between studs and plates. The loaded corner
Under load, the frame distorts like a does not lift to contact the tiedown nor does
parallelogram while the sheet remains the stud frame rotate about Its controld.
rectangular. The direction and magnitude However, once the sheathing Is applied there
of the nail displacements under load are is definitely some Interaction between the stud
shown. wall, sheathing, and load frame.

(M 143414) First, there is an Increase In mass and the
applied load must overcome the gravitational
force. There Is also some resistance In the test

tiplied by the squared ratios of the sides of the frame at the rollers. And finally there Is some
Interior rectangle to the perimeter rectangle. friction or rotational resistance between the
For the most common case, where the field lumber and sheathing that Is not present In
nails form one Interior rectangle, the racking lateral nail tests. Since these factors cannot be
strength of N sheets of sheathing fastened to a measured directly, their contribution was
stud frame can be computed by: taken as the load intercept from the regression

equation of several Independent tests.

-rLK2 Requiaie Nail-Test Prooedures
R-N x ir [(Ks+ Km)p+(2Kn+ b2Knb The ultimate panel racking strength as

computed In the above equations Is directiy
1K )proportional to the lateral nail strength, and

ma b2 Kmb)f + FRAME (2) e must be taken In the choice of test
method for determining this parameter. The
nail-test procedure should be remprest

where of the mode of failure In the actual Jon In the
R is I ultimate panel racking strength rackIng tes. There are basically two standards
(pounds), for ltea nail tests, ABTM 0 1037 U2 and
N is the number of sheeft on the frame, ASTM D 1761 (J).
1t Is lateral nail resistance at ultimate load ASTM D 1037 was designed for
(pounds), evaluating the properties of wood-base fiber
KI we racking coefficients (tabulated In the and particle panel materials. The lateral nail
appendix), tes procedure described therein is adequate
a is rato of vertical sides of Interior to Iterior for fiberboard sheathing, but Is not ap-
rectangle, propriate for high strength materials such as
b Is ratio of horizontal sides of Interior to UK- plywood or particleboard. With this method,
tenor rectangle, and the shank of the nail is suppot d by a Oel
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yoke. It does giv a true meeure of the - amuw, GOVDE
reltna of high-etrenfg materials If the nail M

doesnt sher, but It Is not Indicative of the
mode of failure In actual rcking joints. With
#mhee stonger materials, the joint failure Is
often in the lumber rather then the shellthng,
and the str ngth of the Jolnt Is less than the $"cc
value determined by ASTM D 1037.

To btter simulate the actual Joint for - - ,
higher strength sheathing, a modified form of
the ASTM D 1761 test procedure Is
recommended. This test was designed for "4 ,,OSII,
conducting lateral nail teft In wood. The
modification recommended Is that the cla Is
a piece of sheathing material and the block Is
an actual piece of framing lumber taken from E -T
the panel. This aures that the actual LATEN OF T,.T'MS NUMM

materials from the racking tets ar mated In PANEL FIRMLY S0090 TO TIUSEE

the lateral naI taNte. TYPE I BRACE
Edge distance is also Important to predlc-

tng racking strength using the lateral nail test. Figure 3.-Type I brace Is let Into the top and
ASTM D 1037 specifies the use of three bottom pltes and is loaded in coi-
different edge distances to determine lateral bon p aiu Is ener In crng

nail resistance. Although fiberboard sheathing presion. Failure Is generally Inl a buckling

is usually fastened with nails lees than 3/4-Inch mode when the brace controls ultimte

from the edge of the panel, a 3/4-Inch edge strength.
distance was selected because It best (M 1436 6)

represents the displacement of the tension
corner nails which are the critical ones. The
nails along the vertical joint at the senter stud ed improperly, i.e., let into the end studs rather
are closer to the edge, but their displacormnt than the top and bottom plate. This condition
direction Is essentially parallel to the edge Is shown in figure 4.
rather than toward It. All nails on the compres- In actual practice, braces are Installed
son half of the sheet have displacement com- with the top end toward the wall corner so that
ponents toward the center and are not affected the brace toward the windward wall Is acting In
by edge distance. Figure 2 shows the dire- compression and the one toward the leeward
ions of nail displacements along with their wall is In tension.

relative magnitudes. The theories of failure for the two types of
let-in corner braces are dissimilar and will be

Effect of Let-in Comr Braces developed Independently.
Let-in corner braces can perform In one Type I.-Axial compressive forces ae

of two ways depending upon load direction developed at each end of a type I brae. it Is
and method of construction. Thee two types assumed that the brace performs as a Wnder
of braces are denoted as follows: column with Inflection points at each stud

1. Type A.-Brace acts In compression as crossing. When adequate frame strength Is
a column. A type I brace must be let Into both present the predominant failure mode Is
the sole plate and top plates to produce ade- buckling of the brace (fig. 5). The strength of a
auate column action, as shown in figure 3. type I brae can be caiculated by tWe following

2. Type II.-Racking strength provided equation for an Ideal column:
solely by the lateral nail resistance In the
bm. This condition exists whenever the p ,_..___. .ra" El (3)
brace i laded In elnsion. A brace loaded In cr sin ( 2
compression can also be of this type If Install- or

L51'.' '-
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TYPE X MtACE

Figure 4.-A type HI brace provides racking
strength solely through the resistance
of the fasteners. A type I brace loaded In
tension, or a brace Improperly Installed
(4s shown), exhibits lateral nail failure.

(M 143 557)

Figure 5.-Bucling failure of a type I com-
presslon bre.

S1air 2 El sli I (4) (M 143236243)

~~~~cr~~~~~ isciia=xa oc pud) Mniir sin a (5)
P* Is applied racking force (pounds), In which

a Is angle between brace and vertical P Is applied racking load (pounds),I
am ederncefllntueal MfIs number of studs actively resisting P,

a I an coditon oeficent(us a I or n Is number ofnails per stud crossing,
pinned), 11r Is lateral nail resistance at ultimate load
E Is modulus of elasticity of the brace (pounds), and
(potirds per square Inch), a Is angle between brace and vertical mem-
i Is moment of Inertia of the brace ber.
((inches 4), and Defining 8 as the total number of studs crows
L Is unsupported clear distance between ed by the brace (including the double studs at
studs Wlong the brace (inches). the ends), M Is computed as:

Type I.-The failure observed for atypellM-I If SBIs odd, (6)
brace showed that the nails at the wntr stud or2
did not move during the racking tes. Nail die- M - Aif S is even.(7
placement was progressive toward each end 2(7
of the brae. Both ends of the brace were forc-
ed axially past the end studs as Illustrated In The ultimate racking strengt of panels
figure & An approximate equation for this kind with let-in corner braces Is sensitive to both
of resistance Is: material quality and workmanship. The

6



MATERIALS
Th fiberboard shathing -W and

festeners were obtained from v Pas In.
dustrial sources. Four types of sheathng weretooed U:
1. 1/24nch regular density,
2. 26/32-Inch regular density,
3. 1/2-Inch iptermediats density, and
4. 1/2-Inch nail base.

The approximate density ranges for the
above materials are: Regular density, 16.21
pounds per cubic foot (pcf); Intermediate don-
aity, 22-24 pcf, and nail base, 26-40 pcf. The
1/2-inch Intermediate density fiberboard was
obtained from two sources, referred to as B
and C In tables 1 and 2.

Lateral nail tests were conducted on
samples of sheathing removed from the rack-
Ing panels following failure. At the time of
testing the moisture content of the fiberboard
ranged from 3.? to 4.6 percent, and the
specific gravity ranged from 0.29 to 0.42.

No. 1 Structural Light Framing Is specified
in ASTM E 72 for the framing lumber. An
attempt was made to purchase this grade of
Douglas-fir material but It was not available.
Instead, No. 2 and Better was purchased and
sorted to provide a clear nailing surface for
application of sheathing.

Let-in corner braces were essentially
clear, straight-gralned material. Three species
were used and spcihons were chosen to ob-
tain a wide range of modull of elasticity. Each
was identified by species and Its modulus of
elasticity determined with a dynamic E-
computer.

Fasteners were No. 11 galvanized roofing
nails. Nails used with 1/2-Inch sheathing were

Figure 6.-Fallure at the end studs of a type 1-1/2 inches long, and those used with 25/32-
II brace where the load Is carried by the Inch sheathing were 1-3/4 Inches long.
lateral resistance of the nails.

(M 143 62-11)

EQUIPMENT
material used In this test series was of high
quality. Great coe was taken to Insure a near- The loading apparatus for this series of
perfect fit of the brace into the studs. A tests was far more sophisticated than
deficiency in either material quality or previously used at FPL for racking tetls. Load
workmanship will reduce ultimate strengths rates were controlled with an Integrated
below those predicted by the above equations, closed-loop electrohydraulc sytem. The o-

tuator controlled by this system Is shown in
figure 7. This system was callibraed to control



Figure 6.-Overall view of the recording in-
struments for racking teats.

(M 143 26-5)

quisitlon.
Load-deflection readings were monitored

continuously for the racking tests.
Transducers were used to measure four dis-

Figure 7.-Actuator controlled by an Integrated tinot displacements. In addition to the three

closed loop actrohydraullc syste d standard measurements (displacement slip,

(M 143 38o and rotation), racking deflection wee also
measured as a function of the change In the
diagonal length of the frame. Two x-y

either the rate of force or the rats of displace- recorders (fig. 8), each capable of plotting two
menL Double bridge load cells were used - displacement readings for a given load, ware
one for load control and the other for daia ac- used for data acquisition.

EVALUATIONS

Sheathed Pmflel shown In figure 10. Theoretical racking
strengths were calculated using average

keg * Panels lateral nail resistance valuea. A comparison of
Fourteen - by 6-foot sheathe panels theoretical versus actual racking strength of

were tested In accordance with the standard panels Is presented In table 2 The FPL racking
racking teat procedure, ASTM E 72. Two pan- equation (eq. (2)) predicts ultimate racking
els were Initially run at a constant rate of force failure an average of 4 percent leee than the
(400 pounds per minute). Subsequent racking observed falure load. The variability of failure
tat we run at the recommended (ASTME loads Is well within normal Imts for wood-
72) displacement rat of 0.2 inch per minute. base matrlal
Details of the tot frame assemnbly are II- Small-Sl Panels
luatrated In figure 9. eMMe thesandard 8- by 1-foot racking

The results of the rcking t on full- et ar difficult and eienalve to run, PPL
sized shethed panels re pres etd In table designed a small-scale loading apparatus. As
1. Typical k d versus delecti curves ae shown In figure 11, the apparatus oonsllts of a

8
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pantograph frame which Is pinned at the cor -___________

nme. The lower member can sing freely but LO 

will always remain horizontal. The two struc-
tural members and the pinned-connector
straps form a parallelogram at all times. -" so --- I"' " *WS- INA%

The test specimen Is Inserted Into the ,Al ,O,,
pantograph frame with the connector bars In a ,,
vertical position. Shims are Inserted at two -
corners of the specimen to Insure a snug fit,
but the sheathing Is always clear of the frame.
The racking load Is then applied dlrectly at the
corner of the bottom plate of the test
specimen. The top and bottom plates re con-
fined by the pantograph frame and remain
parallel during the test.

Twenty-one 2- by 2-foot panels were
tested In this frame. For 12 tests, loads were
applied with a hydraulic hand pump at an ap-
proximate displacement rate of 0.2 Inch per ,,R
minute. Nine tests were run at various speeds
to determine the Influence of rate of loading on ,,_ ,
ultimate racking strength. (These nine tests / J I.I,.r

are discussed later;) AOL r ,, ,
For the 12-small-scale sheathed panels ,,TF,, A,,, AFRAP,MD FRAM 0 O rW# "10

tested to failure using the hand pump. SU,,.r
predicted failures averaged 4 percent below Figure 9.-Schematic diagram showing
the observed values. The curve In figure 12 Is a method of loading standard 8- by 8-foot
direct plot from the x-y recorder of load versus racking panels and masuring defiec-racking defecton as measured by the and
diagonal displacement method. tions as depicted In ASTM St(ndagd E
Messuring Panel Deflections 72 (three-gage method).

Comparisons of the diagonal versus the (M 12322)

three-gage methods of recording deflections
In sheathed panels, as shown In figures 10 and
13, Indicate that panel stiffness as measured strength but the apparent stilffness was higher.
by the diagonal displacement method Is Eliminating the anchor bolts at the loaded end
greater than that measured by the three-gage permits the corner to lift more. Since the uplift
method specified In ASTM E 72. The reason is subtracted from the gross deflection, the
for this discrepancy Is that the three-gage result Is leas net deflection. Measurements by
method Incorrectly mumes that the panel the diagonal displacement method very nearly
rotates as a rigid body. The value taken to be coincided with those from the three-gage
panel rotation Is largely local bending of O method when anchor bolts were omitted.
sole plate and separation of the end studs The principal advantage of the diagonal
from the sole plate. Rigid body rotation Is In- displacement method Is that all readings are
hlbited by the tiedown rods and anchor bolts. obtained directly. Net deflections do not have
The diagonal displacement method measures to be calculated and the operator has a coin-
the relative movement of the top and bottom plate visual monitor of the entire test
plates Independently 61 slip or rotation.

At ultimate racking failure, the dis-
placements measured by the diagonal method The frames for the let-in corner brace
average 5 percent Ies than those measured tests were similar to those used In the racking
by the three-gage method. In earlier tets con- tests on full-s1ed panels; construction details
ducted without Installng anchor bolts, It was were in accordance with the ASTM E 72 stan-
found that the anchor bolts had Ilte effect on dard.

I 7 "9l



Table I.-Resmlts of lateral nail resistanc. and racking teets

Material Full scale small scale
Lateral nail Racking Lateral nail Racking

resistance, jL- strength, resistance, jjstrength, E
............ ..................................... ~- -

1/2-inch regularLA.b 
bb

density 78 3,600 92 1,290.1'
77 3,400 84 1,000
so8,6 92 __00

Average 80 3,530 89 1,100
25/32-Inch

regular
density 96 4,500 98 960

102 4,400 66 1,060
101 4.500 104 00

Average 100 4,470 96 1,010
1/2-inch Inter-

mediate
density

(Source C) 112 4,050 117 1,320
125 4,850 138 1,320
120 390125 1.320

Average 119 4,270 127 1,320
1/2-inch inter-

mediate
density
(Source B) 88 3,700

90 3.400
Average 89 3,550
1/2-inch nail

base 186 6,450 187 1,880
177 6,000 194 1,920
191 ,70192 1.710

*Average 185 6,380 191 1,840

_V Test was conducted Immediately prior to discovery of equipment malfunction on next panel.

Six type I braces; and one type 1i brace of loads. In the other case, the stud frame failed
clear, straight-grained nominal 1- by 4-inch before the full capacity of the brace was reach-

*material were carefully fitted Into the 8- by 8- ad. For braces with high stiffness, the stud
foot frames and tested as specified In ASTM E frame appears to limit maximum load. Figure
72. Results of these tests are give In table 3. 13 Illustrates typical load versus deormation
Equaton (4) Isapplicable only to those three curves for atypelIbrace.
case where the brace failed In buckling. For Fallure In the single typelN brace tese
theae three, predicted failure loads average 6 was niot as well defined. Panel stifnes wa
percent less than the recorded teat-failure lower than for the type I braces. The maimum

10



IR""G/lAR DENSITY S,,FATM6G
400 MAX. LOA4o',600 POUNDS

0 DiLECMN REA6OS
A SET IWAOS

0
0 a2 a4 a.6 (.6 1.0 1.2 1.4 1.6

HORIZONTAL PANEL DEFLECTION (INCEs)

Figure 10.-Typical load-defection curves for 8- by 8-foot panel sheathed with fiberboard by the
three-gage method and diagonal displacement method.

(M 144 372)

racking load of 1,900 pounds Is 19 percent all four fiberboard sheathing materials. Nails
higher than predicted by equation (6). were from the same shipment sthose used In

Unpublished previous tests In which the racking panels. The effects of testing at
horizontal board sheathing was used in con- various edge distances were also evaluated.
Junction with let-in bracing Indicated that the Results of the lateral nail ets are given In
FHA minimum required racking load of 5,200 table 1. The effect of variation of edge distance
pounds Is attainable. When horizontal board on lateral nail resistance Is shown In figure 14.
sheathing Is Installed on the same side as the The ultimate nail load Increases with edge die-
brace, the brace Is supported full length tance In a nonlinear manner. As expected, the
against outward buckling. One frame tested In curve approaches an asymptotic maximum
this way failed at 6,050 pounds. Board load at which the nail shank act In direct bear-
sheathing applied on the side opposite to the Ing on the sheathing Independently of edge
brace reinforces the stud frame and permits distance. An edge distance of 3/4-Inch in the
the brace to reach Its ultimate buckling load. lateral nail tet corresponds to the edge die-
However, the brace Is not restrained against lance (in the direction of nail movement) of the
buckling, and one frame tested In this way faill- corner nails In a teast panel.
ad at 5,450 pounds. Rate of Loading
LateIrl Nail Tete Nine small-scale racking test and nine

Lateral nail resistance values were deter- lateral nail test were conducted at different
mined using the ASTM D 1037 procedure for displacement rates to evaluate how the rate of

11
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Table 2.-Theoretical vs. actual racking strenigth

Material Full Scale!' Small Scale 2
Theoretical Average Ratio Theoretical Average Ratio

racking actual RIP racking actual R/P
strength racking strength racking

R strength R strength

Lb Lb Lb Lb
1/2-inch

regular
density 3,130 3,530 0.89 970 1,100 0.8

25/32-inch
regular
density 3,600 4,470 .85 1,030 1.010 1.02

1/2-inch
Inter-
mediate
density
(Source C) 4,430 4,270 1.04 1,260 1,320 .97

1/2-inch
Inter-

(Source 8) r 3 ,430 6 3,550 .97 -l -

R - 33.46+40
2/ small-scale lefts consisted! of two i x 21 ft teft wih I I-gage rooting nails spaced 3 in. (perimeater) and 6 In. (field) on

centers, A-SW+250.

loading toetssreo For the panels testd this relation becomes:

racking panel speed with lateral nall speed.
The equation relating the reepectve vector bz0.2244 (9)
diaplacements of a corner nail to the teat panel
takes the form: The ratio of speeds only approximated the

above equation due to a discret rather than
A 2 6(0 continuous speed control on the teting

siin C, machines&
In which Loading rats affects both ultimate nail
A Is panel displacement rate (inches per loed and apparent panel strength. Pest work
minute), on rate of loading of wood-bess materials has
6 Is corner nail displacement rate (Inches per correlated the load rate with strength proper-
minute), an ties. In work of this type, th time scalei
a Is arctan (bass of setdivided by Its (typically expressed a ft time-to-failure) Is
height). logarithmic and the strength scale linear.

12



Figure 1 I.-Pantograph frame designed for testing small-scale racking specimens.
(M 141 775-4)

Table 3.-Results of racking tests on 8- by 8-loot panels
with lt-in braces loaded In compression

Panel Modulus of Theoretical Actual
number elasticity -racking racking Ratio

brace!' strength.,! strength, P R/P

Million Lb LLb/In.2
1 1.20 2,490 2,900 0.86
2 2.56 N/A (5,310) 4,450
3 1.77 3,670 3,550 1.03
4 1.07 2,220 2,350 .94
5 1.59 N/A (3,300) 2,850

61.84 N/A (3,820) 3,000-
Average

ratio .94

I/ All let-in braces were nominal 1 x 4 In. boards of the following species: White pine, Panel 1; southern pins Panl 2 and
3: sugar pins, Panels 4 through &. Modull of elasticity wae determined bysa transverse vibration techniqlue (E-Oomputlerl.

2/ Theory Is only applicable to those panels in which the brace buckled. In Panels 2, 5, and 6, the frame falle inr the
* full brace capacity was attained. Theoretical strengths awe shown In brackets.

13



Am~ --a

NO OIAW *Oirv

oo0f-a- NftA# rrT Pmrin

Figure 12-Typical load-deflectlon curve for
a smnall-scale racking panel as plotted 0D RIM 4 *.
directly by an x-y recorder. The fluctua- LG s~ga.

tdons above the proportional limit show Figure 14.-Lateral nail resistance at various
slippage In the fastenrsm as force Is edge distances for four types of fiber-
Increased by hand pump. board sheathing.

(M 144.271) (M 144 300)
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Results of both the small-sale racking In which
* and lateral nail tests conducted at different R is racking load at falure (pounds), and

loading rates are presented in table 4. T Is time to failure (minutes) computed as the
Although the sample ohs was far too email to dulcmn tfiuedvddb etsed
develop meaningful confidence levels. the Dipaeetat failure for these teis avereg-
trends, aim apparent The results of this limited ad 2 Inches.
study sgree with past work on strengthi proper. The relationship for ultimate lateral nail
tuse of wNoo and wood-base materials L7,&) load Is:
Regression anaes" IndIcate that a tenfold In-
crease In time-to-failure (Inverse of speed) will O10i- 0.08"JT (11)
reduce apparent strength by 8 to 9 percent o 1 T
For the 2- by 2-foot panels sheathed with 1/2.
Inch Intermediate density fiberboard, the In which
relationship between rat of loading and ul- V Is lateral nail resistance at ultimate load
timate racking load can be expressed as (pounds), and
follows: T Is time to failure (minutes).

Displacement at failure for ths teat averag-
Rl.,370(1 - 0.09 log10 T) (10) ad 0.4 Inches.

Table 4-Effect of rate of lodng on maximum strength values of nails and 2- by 2-foot panels
Panel

number Lateral nail Small scale racking
Test speed Maximum load Teat speed Maximum load

In./mln Lb In./min Lb
lb 0.02 102 0.1 1,090
2b .02 104 .1 1,370
3b .02 106 .1 .2

Average 104 1,230
4b .50 116 2 1,440
5b .50 105 2 1,190
fb .50 106 2 IA!!

Average 110 1,300
7b 1.0 114 5 1,510
Sb 1.0 132 5 1,480
9b 1.0 131 5 1.410

Average 126 1,470



CONCLUSIONS

Theoretlcal and actual racking trength of
panels sheathed with fiberboard wer closly
correlated. Also the dispersion or varlabillty In
the data was within normal limits expected for
wood-base material. The equation* for com-
puting racking strength are Independent of
panel aln, so both simple lateral nail test and
smell-scal racking teats could augment the
more expensive full-size panel teofts.

The actual performance of let-in corner
braces, without the horizontal board
sheathing, Is well below the 5,200-pound level
cited in the Federal Housln a Administration
Technical Circular No. 12., Although the
strength and stlffnea of the brace ae Impor-
tant, a level Is reached where the stud frame
controls ultimate strength.

The rate of loading does affect ultimate
load for both lateral nail and racking teats.
Results of this study, which Indicated an 8 to 9
percent Increase In strength with a tenfold In-
creame In speed, agree with past studies on the
effect of loading rate on strength of wood and
wood-base materials This magnitude is
probably not signiflcanta&ough to justify ex-
pensive and sophisticated electronic control
systems. A careful operator, using a hand-
operated hydraulic pump, should be able to
obtain reliable results. The recommended dis-
placement rate of 0.2 Inch per minute, If
applied to all sheathing materials, would help
to clarify ASTM Standard E 72. Ultimate rack-
Ing strength appears to be more sensitive to
contact between test frame and sheathing than
to minor variations In the rate of loading.

16
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APPENDIX

Sample Racking Problem

Determine the racking strength for the
following panel: two 4- by 8-foot sheets of
1/2-inch regular density fiberboard are nailed
to a standard 8-foot-long stud wall with studs
on 16-inch centers. The nail spacing Is 3 Inches
around the perimeter and 6 Inches for field
nails. The nail strength. js-, is 85 pounds as
determined from lateral nail tests.
Panel Geometry-the width to height ratio for
the sheet,
B/N - 0.5 (the right side of table 1A applies)
Nail Spaces-(see fig. 1A)

Perimeter: mp - 96/3 = 32
n p = 48/3 = 16

Field M f= 84/6 = 14
nf = 16/16 = 1

Ratio* of Interior to Exterior Rectangles

Vertical side,. a Hf /H - 84/96
Horizontal size, b = of OpS = 16/48
Theoretical racking strength, R (eq. (2)) is

R Nir Kn +K )p + (a2K na + bK2K + a 2 + b 2 % f+ FRAME

from table 1A:
For n -16s K n- 3.35

mp - 32 K -=12.40
m

nf M 1 a 2 K - (84/98) 2 x 0.09 W 0.07

b2 K = (18148) 2 x 0.36 U 0. 04
nb

=f 14 a 2 m. (84/96)x 0.42 W 0.32

b 2  (16/48) 2 x5. 01 - 0.56

Total coefficient per sheet = 16.74
N = 2 sheets, V? = 85 pounds, and FRAME

*450 pounds
Estimated racking strength: R 2 x 85 x
16.74 + 450 =3,300 pounds

18



Table 1A.-Racking coefficents for various panel shapes and number of fasteners

Nall Sheet width/height (B/H)

spaces 0.25 0.50
nor m

K na Knb K Kn, Krnb Km  Kn& Knb K Kn Kmb Km

1 0.01 0.23 0.24 0.01 0.23 0.24 0.09 0.36 0.45 0.00 0.36 0.45
2 .03 .23 .26 .01 .46 .47 .18 .36 .54 .09 .72 .80
3 .04 .28 .32 .02 .88 .70 .27 .44 .71 .11 1.07 1.18
4 .06 .34 .40 .02 .91 .93 .36 .54 .89 .13 1.43 1.57
5 .07 .41 .48 .03 1.14 1.17 .45 .64 1.09 .16 1.79 1.95
6 .09 .48 .57 .03 1.37 1.40 .54 .76 1.29 .19 2.15 2.34
7 .10 .55 .65 .03 1.60 1.63 .63 .87 1.49 .22 2.50 2.72
a .11 .63 .74 .04 1.83 1.87 .72 .98 1.70 .25 2.86 3.11
9 .13 .70 .83 .04 2.05 2.10 .80 1.10 1.90 .27 3.22 3.49

10 .14 .78 .92 .05 2.28 2.33 .89 1.22 2.11 .30 3.58 3.88
11 .16 .85 1.01 .05 2.51 2.56 .96 1.33 2.32 .33 3.94 4.27
12 .17 .93 1.10 .06 2.74 2.60 1.07 1.45 2.52 .36 4.29 4.6
13 .19 1.00 1.19 .06 2.97 3.03. 1.16 1.57 2.73 .39 4.65 5.04
14 .20 1.08 1.28 .07 3.20 3.26 1.25 1.69 2.94 .42 5.01 5.43
15 .21 1.15 1.37 .07 3.42 3.50 1.34 1.80 3.15 .45 5.37 5.82
16 .23 1.23 1.46 .08 3.65 3.73 1.43 1.92 3.35 .48 5.72 6.21
17 .24 1.30 1.55 .08 3.88 3.96 1.52 2.04 3.56 .51 6.08 6.59
18 .26 1.38 1.63 .09 4.11 4.19 1.61 2.16 3.77 .54 6.44 6.98
19 .27 1.45 1.72 .09 4.34 4.43 1.70 2.28 3.98 .57 6.80 7.37
20 .29 1.53 1.81 .10 4.57 4.66 1.79 2.40 4.19 .60 7.16 7.75
21 .30 1.61 1.90 .10 4.79 4.89 1.88 2.52 4.39 .63 7.51 8.14
22 .31 1.68 1.99 .11 5.02 5.13 1.97 2.63 4.6 .66 7.87 8.53
23 .33 1.76 2.08 .11 5.25 5.36 2.06 2.75 4.81 .69 8.23 8.92
24 .34 1.83 2.17 .11 5.48 5.59 2.15 2.87 5.02 .72 8.59 9.30
25 .36 1.91 2.26 .12 5.71 5.83 2.24 2.99 5.23 .75 8.94 9.69

26 .37 1.98 2.36 .12 5.93 6.06 2.33 3.11 5.44 .78 9.30 10.08
27 .39 2.06 2.45 .13 6.16 6.29 2.41 3.23 5.64 .81 9.66 10.47
28 .40 2.14 2.54 .13 6.39 6.53 2.50 3.35 5.65 .84 10.02 10.65
29 .41 2.21 2.63 .14 6.62 6.76 2.59 3.47 8.06 .87 10.38 11.24

10 .43 2.29 2.72 .14 6.85 6.99 2.68 3.59 6.27 .90 10.73 11.63
31 .44 2.36 2.81 .15 7.08 7.22 2.77 3.70 6.48 .93 11.09 12.02
32 .46 2.44 2.90 .15 7.30 7.48 2.66 3.82 6.69 . 11.45 12.40
33 .47 2.52 2.99 .16 7.53 7.69 2.05 3.94 6.89 .99 11.61 12.70
34 .49 2.59 3.08 .1. 7.76 7.92 3.04 4.06 7.10 1.02 12.16 13.18
35 .50 2.67 3.17 .17 7.99 8.16 3.13 4.18 7.31 1.05 12.52 13.57

19
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